Interaction of hydrophobic probes with the apoenzyme of pig heart lipoamide dehydrogenase.
The interaction of hydrophobic probes, 8-anilinonaphthalene-1-sulfonate (ANS) and 4-benzoylamido-4'-aminostilbene-2, 2'-disulfonate (MBAS), with pig heart lipoamide dehydrogenase [NADH: lipoamide oxidoreductase, EC 1.6.4.3] was investigated. When ANS or MBAS was mixed with the apoenzyme of lipoamide dehydrogenase, the fluorescence quantum yield, of each dye was enhancedd markedly and the emission maxima concurrently shifted to the blue. The quantum yield, 0.038, of ANS bound to the apoenzyme, calculated from the corrected emission spectrum, was eight times higher than that in buffer solution, and the value, 0.0090, for bound MBAS was eighteen times higher than that in buffer solution. Moreover, the absortion bands of both ANS and MBAS shifted to the red upon binding with the apoenzyme. A general feature of the absorption spectra of these dyes observed on changing the solvent from polar to apolar was a red shift of the absorption bands. These results indicate that ANS or MBAS bound to the apoenzyme of lipoamide dehydrogenase is situated in a hydrophobic region of the apoenzyme molecule. It was found that 2 moles of each dye was bound per mole of the apoenzyme, which contains two polypeptide chains. The dissociation constants for the ANS- and MBAS-apoenzyme complexes were estimated to be 1.03X10(-5) and 1.54X10(-5) M, respectively. The enhanced fluorescence of both dyes bound to the apoenzyme decreased linearly upon adding FAD and disappeared at about 2 moles of FAD per mole of the apoenzyme. This suggests that both ANS and MBAS were displaced from their binding sites on the apoenzyme by FAD. The protein fluorescence spectrum of the apoenzyme had a maximum at 352 nm, which was blue-shifted by 6 nm from that of tryptophan in the buffer. Upon binding ANS or MBAS, the maximum of the protein fluorescence of the apoenzyme returned to 350 nm for the holoenzyme, and the fluorescence intensity decreased. Thus, the conformation around some tryptophan residues was affected by the binding of the dyes. When guanidine hydrochloride (GuHCl) was added to the ANS-apoenzyme complex solution, the enhanced fluorescence due to the bound ANS decreased and the emission maximum concurrently shifted to the red. Further, the maximum of the protein fluorescence of the apoenzyme shifted to the red, indicating the exposure of some tryptophan residues buried in an apolar region of the apoenzyme. Thus the binding of ANS to the apoenzyme was inhibited by protein denaturation due to GuHCL. In contrast, the holoenzyme of lipoamide dehydrogenase did not bind ANS or MBAS at all.